1988), putative homologues encoding the components of the Abstract sulphate permease complex in cyanobacteria are identified A new member of the sulphate transporter gene in Arabidopsis (Laudenbach and Grossman, 1991). However, to date, there encoding a chloroplast-localizing isoform, AST82 (accession is still no evidence to show the existence of a bacterial-type no. AB008782) has been identified. AST82 had a sequence sulphate permease complex in higher plants. similarity with a cyanobacterial genome sequence, slr1776,
deposited in the DDBJ/EMBL/GenBank database (accession no. AB008782). An Arabidopsis genomic sequence which corresponds to AST82 appears in the P1 clone MSH12 on chromosome 5 (accession no. AB006704). Sulphur is a macronutrient required for the synthesis of the AST82 had an open reading frame encoding a polypeptide sulphur-containing amino acids, Cys and Met, and various of 685 amino acids. The predicted structure of the AST82 organic compounds in plants. In nature, sulphur is available polypeptide was suggested to have 12 membrane spanning to higher plants in the form of sulphate in the soil solution, domains which are common to the other plant proton/ whereas in plants, sulphur is mainly pooled as non-reduced sulphate co-transporters. The phylogenic relationships with sulphate anions in the leaf vacuoles. Therefore, the uptake reported sequences revealed that AST82 has a stronger similand distribution of sulphate in plants is assumed to be arity with the deduced amino acid sequence of the putatmediated by the function of sulphate transporters. Recently, ive open reading frame, SLR1776, in cyanobacterium seven genes encoding proton/sulphate co-transporters Synechocystis sp. PCC6803. The N-terminal amino acid in Arabidopsis thaliana (Takahashi et al., 1996 (Takahashi et al., , 1997  residues of AST82 possessed typical characteristics Yamaguchi et al., 1997) have been identified. Several homofor chloroplast-targeting transit peptides in higher plants logous cDNAs have been reported from other plant species: ( Keegstra et al., 1989) . The prediction of subcellular localizbarley (Smith et al., 1997) , maize (Bolchi et al., 1999) , Indian ation by the PSORT program (http://www.genome.ad.jp/ mustard (accession no. AJ223495), resurrection grass (Ng SIT.html ) indicated that AST82 is a chloroplast-localizing et al., 1996) , soybean ( Kouchi and Hata, 1993) , Stylosanthes protein. hamata (Smith et al., 1995) . All these transporters belong to
To confirm the subcellular localization of AST82 in the family of proton/sulphate co-transporters which require Arabidopsis, fusion gene constructs of AST82 and synthetic pH gradients between the membranes as motive force.
GFP (Chiu et al., 1996) were transiently expressed in To assimilate inorganic sulphate into Cys by the reduction Arabidopsis leaves. Bombardment of the construct with the pathway in the chloroplast stroma, sulphate anions must first AST82 cDNA encoding 1-672 amino acids and GFP clearly be transported across the envelope membranes. Measureindicated that the AST82-GFP fusion protein exclusively ments of sulphate uptake in isolated spinach chloroplasts localizes in chloroplasts (Fig. 1A) . The putative transit pephave shown that the transport rate was not influenced by tide region (N-terminal 99 amino acids) was able to target changes in pH in the external medium (Mourioux and GFP to chloroplasts (Fig. 1B) . The distribution of fluoresDouce, 1979). These data suggest that the uptake of sulphate cence was identical to the positive control experiment showin chloroplasts may not be attributed to the function of the ing the localization of ribulose-1,5-bisphosphate carboxylase proton/sulphate co-transporter. In the chloroplast genome of the liverwort Marchantia polymorpha ( Umesono et al., small subunit in chloroplasts (Fig. 1D ). As shown in Fig. 1C , the N-terminal 69 amino acid region was not sufficient to show the correct subcellular localization of the AST82 protein. These data suggest that amino acid residues from position 70-99 are necessary for targeting GFP to chloroplasts. Similar experiments were carried out for other Arabidopsis sulphate transporter genes, however, they showed no distinct localization of GFP in chloroplasts (data not shown). From our results, it was evident that AST82 encodes a unique proton/sulphate co-transporter-like protein which localizes in chloroplasts of Arabidopsis. 
